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\ The Standard Model complete
SZ or not?

As of today, the standard model 1s the best
attempt to describe interactions of ,,
elementary particles

A,(SLD)
a2 lept
sin*e5y Q@)

Successfully confirmed by the experimental data

A new boson 1s discovered with mass ~125 GeV
whose properties so far are “the SM-like”

The SM 1s not the ultimate theory
Naturalness problem — fine tuning is needed
~10-17

Hierarchy problem — why Mg, /M
What is Dark Matter?

Number of generations — alowed
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Are there extra dimensions of space? etc.. ) S I I A
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@) Why the third generation
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» The Higgs couples to mass, thus
fermion couplings are the most
accessible via decays to t leptons
and b quarks

Quarks

Higgs boson(s) from minimal
supersymmetric models (MSSM) — e —
have even more enhanced couplings = u T

foT leptons and b quarks electron  muon tau
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The Generations of Matter
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If SUSY is “natural”, light 3rd

generation squarks can be
discovered at the LHC 1n final states with particles from the
third family of the SM
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@) Why the third generation

NS

* Physics with third generation
1s also sensitive to other
extensions of the SM

Models with suppressed couplings
to light fermions: discovery can be

made only with 3¢ generation

Mixing between 3¢ and 4™
generations expected to be large:
enhanced discovery potential

Symmetry between leptons and

'uct

charm top

d"s b

down strange  bottom

V. NV
¢~ Neutrino - Neulrino t- Neulring
(I [— g —
Ble s Blats
electron  muon tau

[ 1T Il

The Generations of Matter

Quarks

Leptons

quarks suggest extra scalar (vector) bosons (leptoquarks):
recent theoretical studies favor 3™ generation
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@ In this presentation
ard

* Physics with third generation is challenging but exciting and
could be sensitive to a number of SM extensions

 In this presentation:
Search for MSSM Higgs boson decaying to pair of t leptons

Search for pair production of third-generation leptoquarks and top
squarks decaying to pair of t lepton and b quark
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CMS Detector
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Luminosity

NS

 LHC performs incredibly well

CMS Integrated Luminosity, pp CMS Integrated Luminosity Per Day, pp, 2012, s = 8 TeV

Data included from 2010 03-3011:21 to 2012 12- 16 20: 49 UTC Data included from 2012 04- 04 22: 37 to 2012 12- 16 20:49 UTC
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* CMS detector operates remarkably well
Data-taking efficiency ~95%
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More than 97% of channels are operational
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Jets originated from hadronization
of b quarks — b jets

Missing transverse energy

« tleptons ..

W: < e
Light leptons or hadrons from t
Decay Mode Resonance  Mass(MeV/c®)  Branching Fravliun"i%)

e 17.8

TT = Wy 174

™ —=hu 11.6
™ — h~ %, p(770) 25.9
7~ — h 1'%, ay(1260) 9.5
7~ — h h~hty, a1(1260) 9.8
7™ — h"h~ht7, 4.8

Other hadronic decays 3.2
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@ Particle Flow (PF)

ad

» Algorithm to reconstruct all stable particles
Charged and neutral hadrons
Photons, electrons, muons

Particles -
A

neutral :.

hadrons

« Composite objects — Jets, T leptons, missing transverse energy

-> PF 1s crucial for reconstruction of different physics objects at CMS
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Jets and MET

« Jet and missing E resolution are significantly improved with PF

S multi-jet events
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NS

b jet 1dentification

* Important to identify jets from hadronization of heavy flavor quarks

Large lifetime and corresponding decay length

High decay multiplicity and high p; of decay products

1

« Taggers are based on

track impact parameter significance
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Vertex mass

Flight distance significance, etc..

* Multiple ways to measure b-tag/mistag

efficiency
Using multijet and ttbar events

Different measurements are combined
based on weighted mean
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b jet 1dentification

* Currently available taggers are optimized for b jets from top
quark decays
More improvements for identification b jets at high py

 Study characteristics of B-hadron decays: momentum and spatial
separation of tracks from B hadron

ey Mistag rate = 1%
e scoond vk Vet aRews "1 €TCHE | €TCHP
-~ third uk: AR <0.5 L " Default 32% 40%
e thid vk Variable 1 AR cus - © v Modified 41% 44%
e Improvement | 28% | 10%
Mistag rate = 0.1%
€TCHE | €TCHP
Default 0.9% 5%
Modified 2.5% 14%

Improvement | 178% | 133%
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Hadronic T (t;)

ad

Decay Mode Resonance Mass, MeV/c?  Branching ratio, %

~65% of Tt leptons decay hadronically (t) L o
P y VAL T h v 11.6%
T — h ', p 770 26.0%

T — h~ 1’7, al 1200 10.8%
1200 9.8%

Important to be able to select tau ok 2o

Total 63.1%

Candldates at trlgger level Other hadronic decays 1.7%

* Narrow jet with at least one energetic track close to jet axis

* Veto on tracks in annulus around the leading track

To allow low p; threshold hadronic T together with another object

(electrons, muons, T, Or missing transverse energy) is required
Barrel Endcap

CMS Preliminary 2012, ys=8 TeV CMS Preliminary 2012, {s=8 TeV

- T T

R S L

v —

Efficiency

Mu+LooselsoPFTau20, | <1.5 — Y T: ) MusLooselsoPFTau20, | > 1.5
~—e— run 2012A (locse iso tracks) | o L - run 2012A (loose iso tracks)

—+— run 20128 (tight iso tracks) .  run 20128 (tight iso tracks)

1 1

20 30 40

50 60
p; [GeV/c]
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Identification of T,

NS

« Using Hadrons Plus Strips algorithm U A ML

Reconstruct intermediate decay products 1600}
14001

T, are reconstructed in decay modes of o

1prong+0,1,2 n, 3 prongs

1000}
800 E
600 f
400 S
200 f

bl

" CMS Preliminary 2010,\s=7 TeV, 36 pb" 0 0204 0608 1 1.
l I T M, [GeV/c?]

® Data

Dz * Vertex of the leading track 1s assigned to T,
O M ti/ewk
macp

« Using 1solation to discriminate against jets

Combined charged and neutral PF isolation
within cone of 0.5

Multivariate isolation

n (s) o Contribution from pileup is subtracted
reconstructed T decay mode

17 December 2011 14 Reti Raadze, CERN




Identification of T,

NS

« Efficiency i1s measured in data and simulation
USing Z%’E‘c in Ihl"l‘ decay mode : CMS Simulation 2012, Vs = 8 TeV

& 14— —— MVAlsolation Loose
g 14
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in multi-jet data events

+

vl b b b s by b b a Lo b
0 20 40 60 80 100 120 140 160 180 200
Jet Pt [GeV]

7 Yanuary 2015 Reti Raadge, CERN




Identification of T,

NS

* Discrimination against light leptons:

Inverted electron isolation requirement or MVA approach 1s used to
reject electrons misidentified as T,

T, leading track should neither match to segments in muon system nor
be reconstructed as loose muon to reject muons misidentified as T,

- - » 1. .
CMS Preliminary 2012A V=8 TeV Data 5y | CMS Preliminary 2012 Vs=8 TeV L ~500 pb™": passing probe

Using Z~-1l events

Electron fake rate is
ranging 1-15% depending
on working point and
pseudorapidity

Muon fake rate 1s ~0.25%

110 120 ”80””85””90””95”1'0(') 105 110 1.15 1220
m,, (GeV/c?) m,, (GeV/c?)
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Identification of light leptons

* FElectrons are 1dentified with cut Electrons
*  Match of track to cluster

based or multivariate approach «  Track quality

*  Shower shape

» Isolation
Conversion rejection

* Muons are i1dentified using cut
Muons

based approach e Global track

*  Sufficient number of pixel hits
and hits in muons stations

CMS Preliminary 2012, ys = 8 TeV

CMS Preliminary 2012, s = 8 TeV
= — T

T T T T T T T T T T T

Electrons -

A I

100 180
e p, [GeV]
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Search for MSSM ®—->1x

Phys. Lett. B713 (2012) 68 — 7 TeV results

http:/ /cds.cern.ch/record/ 14935217In=en -- 7&8 TeV results
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G Higgs in MSSM

NS

 Two Higgs doublets in MSSM
Five physical states: h, H, A, H*

Two free parameters at tree level:
tanf} and m,

For large tanf} branching fraction to
T leptons and b quarks 1s enhanced

S

a(pp — ¢ + X) [pb]
o

o -
T T

* Two production mechanisms i
For large tanf either H=A or h=A e

£ —bbA
[ - bbh/H

Contribution from all three states 2k tanp=5

F mhmax scenario

E —oagoA
L[ —-9g->hH
| E —bbA
] [ bbh/H
° £ tanp= 30
£ mhmax scenario
1 L "

1s taken into account 7

* Results are interpreted in mh-max
mh-max scenario M. =1TeV

susy
X, =2TeV
Contribution from top (stop) M, =200GeV
loops yield upper bound on
h at ~135 GeV u=200Gev
M, =800GeV

m, =m,|cos2f|
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Analysis strategy

* Search is performed 1n different final states of di-t decays
e+t, u+t, etu, and u+w

To maximize the sensitivity to different productions of Higgs,
the events are categorized according to number of b jets

No b jet 0000

At least one b jet

Topological selection of di-t signal-like events to reject major
backgrounds
DY +jets, W+jets, ttbar, QCD

 Statistical analysis with di-t mass spectra

7 Qanaary 2015 20
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NS

Uses likelihood method

Kinematics of tau hadronic

decay products

Missing transverse
energy and its
resolution

Estimates true di-t
mass per event

Resolution 1s 15-20%

7 Qanaary 2015

02 CMS Simulation 2012

Z—1t

—  H-w (mH =125 GeV)
Visible
di-t mass

- CMS Simulation 2012

Tau pair mass reconstruction

—  H-wt (mH =125 GeV)

Full
di-t mass




Backgrounds

CMS Preliminary, Vs = 7-8 TeV, L = 17 fb''TeT),
L] L] L] L] I L] L] L] L] T T T I T T

—— cIJbserved
[ Z-w +

B 7 o €TT Mmass spectrum
B clectroweak

[

3] Qcb

B2 bkg. uncertainty

Irreducible
Z-1tT

100 200 300

. [GeV
diboson,

single top QCD
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@ Backgrounds

ad

CMS Preliminary, Vs = 7-8 TeV, L = 17 fb'Te T},
L T T T T I T T T T T T T I T |_

—— c|>bserved ]
3 Z-tw E
B Z— ce .
B clectroweak
3+

/3 aQceb

B2 bkg. uncertainty

Grreducible Z-Tr: \
Using embedded sample
» Z~-uu data events

* Muon is replaced with

simulated tau of the same
\ kinematics

dN/dm._ [1/GeV]

ttbar:

Using MC simulation.
Normalization is
checked in ep events
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Backgrounds

W+jets: CMS Preliminary, (s = 7:8 TeV, L = 17 f "TeTy_

T
—— observed

 Extrapolate from high m 7w 3

. s B Z— ee ]
tO IOW mT reglon - B clectroweak _:

Mass spectrum is obtained f = heo
. . F 258 bkg. uncertainty
from the simulation
diboson, single top:
Estimated from the simulation
CMS Prellmlnary 2012, 12 o fb \F 8TeV 17,

; u'h
Observed
1 5x SMH(125) =<

B Electroweak 300
|:|C_JCD m_, [GeV]
O 1 T e e T BTSN IO

<
)
G

Mass distribution in
b-tag category is
obtained with relaxed
b-tag requirement

—e— with b tag selection

<
[9%)

e
)
G

—e— w/o b tag selection

Normalized Entries
o
[\)

N
8
N
$

e
=
<

:*:

100 b T

150 200 250 300

M(u,MET) [GeV] M,z (GeV)
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Backgrounds

CMS Preliminary, \/§ 7-8 TeV L=17 fb1T Th
T T

/QCD: Estimated fully from dath
* same-sign/opposite-sign
ratio in anti-isolated data
events
Mass distribution is obtained
from SS events with anti-

\ isolated muons j

Btag category

—e— Same-sign data

Wijets, DY, TTbar, VV

—— observed 3
CJZ-m E
B 7 ee 3
Bl clectroweak
3+

C—acb

B2 bkg. uncertainty

dN/dm._ [1/GeV]

NOS
NQCD ann —iso (NSS Jdata NSS MC )

1so 1so

anti-iso

SS anti-isolated data events are dominated with
multijet events in both no-bjet and bjet categories

1

300

svfit

§ January 2015 25 Reti Raadge, CERN




Systematic uncertainties

Source actual value No-BTag BTag
Luminosity (Signal & VV) 2(4)% 2(4)% 2(4)%
Muon Id & Trigger 2% 2(4)% 2(4)%
Electron Id & Trigger 2% 2% 2%
Tau Id & Trigger 8% 8% 8%
JES 2.5-5% 1% 5-10%
b-tagging efficiency / jet 10% 2% 5-10%
mistag rate / jet 30% 2% 2%
TTbar Norm. 10-20% 10% 15-20%
EWK Norm. 10-30% 10-30% 10-30%
Z. — tv Norm. 3% 3% 5%
QCD (Fakes) Norm. 10-20% 10% 20%
Norm. Z : lepton fakes tau 20-30% 20-30% 20-30%
Norm. Z : jet fakes tau 20% 20% 20%

theory uncertainty

./ ue (bbd)
./ e (99—9)
PDF + o
UE & PS

Electron energy scale 1.5(2.5)% shape altering unc.

Tau energy scale 3% shape altering unc.
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CERN
\W Mass spectra

NS

* Full di-t mass in two channels and two categories

w+T

0 cmsprenmmary,vE 7-8TeVL 17fb1T Th

T
10><¢(160 GeV)—nt tanB—S g
—&— observed
 I— AN
B clcctroweak
 —
: QCD

J bkg. uncertainty

CMSPrellmmary,\E 7-8 TeV L 17 b7 Th

T 1
10><¢(160 GeV)—wc tanp= 8
—&— observed -
 I— AN
B clcctroweak
 I—
: QCD

J bkg. uncertainty

N
o
(S

-
o

Q
Q
=

s
=
o
—
<
o

dN/dm._ [1/GeV]

B-Tag
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CERN
\W Mass spectra

NS

* Full di-t mass in two channels and two categories

e+t

CMS Preliminary, ¥s = 7-8 TeV, L = 17 fb™'Te Ty, cms Prellmlnary, Vs=7-8 TeV L 17 fb 1T Th

10x(160 GeV) —1t, tanp=87 10><¢(160 GeV) —11, tanB 8
—&— observed '5 —&— observed
CzZor 3 | — Y
B 7 ee ] B 7 ee
B clectroweak B clectroweak
 I— E|  —
:l QcD :l QcD

1 bkg. uncertainty 3 bkg. uncertainty

|

dN/dm._. [1/GeV]

>
Q
o
—
—
s
£
o
—
<
e

IIIM LALLll

B-Tag

500
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Results

* No evidence of /s =7+8TeV, L =17 fb"
d->1t was found 20—
* Combining four channes ‘
e+t, u+t, etu, and u+w

» Limits are set within
mh-max scenario on
tanf} vs. m, plane

ISSM m"* scenario, M

600
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Search for third-generation
leptoquarks and top squarks

http:/ /arxiv.org/abs/1210.5629 -- 7 TeV results
accepted by PRL

7 Qanuary 2015 Retc Raadge, CERN



Motivation

Symmetries between leptons and quarks motivate boson fields
mediating lepton-quark interaction

Suggested by GUT, composite, Technicolor, top-SU(5) models

New scalar or vector bosons, leptoquarks, are predicted

Fractional electric charge and non-zero lepton and baryon numbers

Decay to the lepton and quark from the same generation
with model-dependent branching fraction

Dominant production of pair of LQ is via
QCD interactions

Cross section depends only on mass of LQ

Pair production of third generation scalar LQ are studied
 Signature with two T leptons and two b jets: et,+2bjets and ut,+2bjets
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Motivation

* Symmetries between leptons and quarks motivate boson fields
mediating lepton-quark interaction

In SUSY R-parity violating models mediator 1s top squark

For heavy gluino scenario stop and LQ pair production
Cross sections are very similar

R, = (—1)3B+L+2S

* R-parity
R-parity conservation: B and L number conservation, DM candidate

. . . 7
R-parity violation: LPS decays ﬂ'mi '
SM
superparnter ‘< W = %)‘ijk LILjEI(i + )‘;'jk L’Q]ch( + %)‘;jik UijcDg
SM

b

* In case of lepton-number violating coupling
A 333 stop decays to T lepton and b quark

The same final state: et,+2 bjets and ut,+2 bjets
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Sensitive observables

NS

* To improve signal sensitivity

— 2 N2
Invariant mass of T, and b jet M= \/(th +E£,) =(p 7, T p,)

(/)]

o 2
- 1.
£ £
w w
kel e}
N &
© ©
£ £
1. 1.
[e] o
= =2

PRI B RRI M | R R AT L. AT SR SRS SR SRR B e - ]
100 200 300 400 500 600 100 200 300 400 500 600
IVllep/r,b (GeV) Mlep/r,b (GeV)

Use Sy distribution to check excess over the SM background prediction

Sy = pr(D+ pr(z,) + pr(bjetl) + p,(bjet2)
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* Backgrounds B 77 + et

: : B 7/ () + jets
* ttbar production — major bkg. QCD
W + jets
* Control shape and normalization10? B tbar

in sample with low M(t,,b) 10 Y

 Background due to false 7, - 1
W/ Z+jets, QCD (small)

10!

* Estimated using fake rate method :

 Z(tt/ee/un)+jets, when T, 1s genuine
or misidentified from lepton

* Estimated from MC simulation
* Diboson processes estimated from MC
* 30% uncertainty due to precision of VV cross section measurement
7 fanuany 2013 34 Reti Raadse, CERN




ttbar background

 ttbar normalization and shape 1s checked in sample rejected
by M(x,,,b) cut

Both channels

L I DAL I LA B I RN ILALLELN I R 1
120r CMS4.8fb"Vs=7TeV 1 PTOCESS yleld

100F- * Duta E 1t 270 £ 74+ 29.7

: . : W-ets/Z+ets 153+ 0.9 + 3.8
o =zl E Z sttt /0t~ | 75+18+05

o - . EWK 0.43 +0.08 + 0.13
40F - Total Bkg. 293 +7.6 £299
[ : Data 279

Signal 350 7.25+0.63

ut,bb channel

201 —

00200 300 400 500 600 700 800 000 1000 1100
S, (GeV)

* Good agreement on normalization and S, shape

Yields larger uncertainty (13%/17%) than one from CMS measurement
on ut,bb/et, bb channels
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W/Z+ jets background

NS

* Measure jet—7, misidentification rate Use same-sign

107

\\‘\\\\‘\\\\7 00_2_.
CMS 4.80fb", (s=7TeV |

lepton+non-iso. T,
In MC events from W+1jet
fr=222%+0.5% production

—
N
T 1

®
;0.18_
-4

SJo.16}

—— simulation
—«— data

—e— Data —

B 2/ e/ uu) + jets |
. 0.14

[ JW+jets N s

M ] 012

0.1

Events/ 5 GeV

0.08}

In data
| fr=2.44%% 0.5%

ool ey by by by ey by |l

0.0}

0.04f

gl'l‘l‘lll"ll

140 160 180 . .
% p, 188 from simulation

W +jets 93+£17

. .. Z+j 97+7 (only fake T f MCTruth
» Select events with anti-isolated R e

T, (N

from fake rate method

anti-1s0 ) total bkg. | 161+3 (stat.)£30 (syst.)

 Use Ny, = N,....i» t0 Obtain the background yield

1-fr
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M(x,,,b) distribution

NS

* M(z,,b) before applying cut
Both channels combined
140

III|IIII|IIIIIIII|IIII|IIII|IIII|IIII|III'|_

CMS 4.8 fb”, \s =7 TeV
e Data

=== ttbar

—— W/Z + jets

120

100

\AY
__ 10xSignal M =400 GeV
10xSignal MiSzSOO GeV

80

60

40

4

III|III|III|III|III|III|III_|
II.:IIII|III|III|III|III|II

1 -
=l =4 =™ ! T= |-'l M

50 100 150 200 250 350 400 450
M, (GeV)

|

)
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Final distribution and yields

St distribution after final
selection M(t,,,b) > 170 GeV

# + Tbb channel e + 7,bb channel
tt 381434449 109+18+14
Wjets/Z+jets 11.6 0.1 £2.6 84+01+1.8
Z(tt/Il) 50+16+21 21+£15+£09
Diboson 05+0140.2 03+01+£0.1

Total Background 55.24+52+84  21.8+35+3.6

Data 46 25

Signal (450GeV) 13.2+0.3+09 84+02+06

Tau ID 6 %
10%
17% / 13%
30%
70% / 30%
10%

b mistag rate
ttbar norm.
W/ Z+jets
Z(ID)+jets
JER/T ER

7 Qanaary 2015

Both channels
combined

I T T T T I LI I T T T 7T I LI
CMS 4.8 fb™ Vs =7 TeV
e Data

=% ttbar
—— W/Z + jets

Signal M =450 GeV
LQ

IIII|IIII|IIII|IIII|IIII'I_
IIII|IIII|IIII|IIII|IIIIT

W it e L Y,
200 300 400 500 600 700 800 900 1000
S; (GeV)

Uncertainties on FSR/ISR 4%
signal modeling PDFunc.onc 10-30%

PDF unc. on 1-3%
acceptance

|
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Stop vs LQ

ad

Cross sections agree within couple of percent
for heavy gluino scenario

Dependence on tanf} and stop mixing angle is small

Branching fraction 1s strongly dependent on
various parameters: SU(2) gaugino mass M,,
Hloggsmo mixing parameter u, tanf3, stop P U DUVRE DUVRE DUVRE TV S0
mixing angle etc. Mass (GeV)

102

etanf =1.0
®tanf = 5.0

tang = 100 : L. Results are interpreted in heavy

*tanp =.40.0. : - i - . . o M

' T e gluino mass limit, assuming;:
T et .| e heavy orlight u and M,

e - ' tanp ~ 40

Stop mixing angle ~0

Br(f; >t b)

It

| S
500 600 700 500 600 700

Mass (GeV) Mass (GeV)
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L Vector LQ vs scalar LQ

NS

« Kinematics and decay angles from vector The compare VLQ and SLO:
are expected to differ from those of scalar LQ Models from arXiv:0502067

No preferred direction of decay particles for SLQ CalcHEP hitp://hepmdb.soton. ac.uk/
VLQ decay products tend to be harder

- L B e e e
C . I e e o LB L e s e e B
:— —e— vector LQ, m =600 GeV E vector LQ, m = 600 GeV 3

=)
e o
o W
w W

E _ h ]
F —e— scalar LQ, m = 600 GeV # & —e— scalar LQ, m = 600 GeV ~ —
‘ J

E— + o o .
rorsgar e thartlans S e pares 00
= :

+*4¥

g
S
o
G

Normalized entries
o o
e o °© o
f [N ] ) (v )
[}S) wn w wn
TTTTTTTT]TITTTT

7]
2
b B
=]
)
=
o
N
Té
5]
Z

e
=}

e

O 0 - angle between LQrest frame =
E and decay particle E

I IR AP PR eI BRI PRI BT AT N e
02 04 06 08 1 500 1000 1500 2000 2500 3000 3500 4000
cos S (GeV)

N B BN I B B
-1 -08 -06 -04 -02 0

Difference 1n py/eta distributions of final state objects 1s < 1%
Difference in S;>800 GeV spectrum 1s ~2%

— Results are interpreted for vector LQ scenario
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Results

* Two channels are combined taking into account correlation
between systematic uncertainties

1 — 0
CMS 4.8 b 5 = 7 TeV Assuming Br(LQ—)rI?)_ 100%,
—— o, X B(LQ—1 b)% B(LQ—1 b)=1 scalar leptoquakrs with

A
o
o

Lo, xBE—tbR =1 mass < 525 GeV are excluded
1T Pth, 1 133

Oy, X BVLQ-T b)’ Previous: DO (425/pb) M(SLQ)< 210 GeV

—— Expected limit
—— Observed limit Assuming A ;;;=1 and chosen

benchmark, RPV stops with
mass < 455 GeV are excluded

o)
2
N
0
10
T
g
—
=

1

|

oxB(LQ/t

Previous: CDF (322/pb) M(stop)< 153 GeV

—
<

I T TTTTTT

Top SU(5) vector leptoquakrs
with mass < 760 GeV are
excluded

L Ll

I T | I | | ‘ M‘ I < E I | | L1 1

“M 500 300 400 500 600 700 800
MLQ/’t'/VLQ (GeV) —> First limits on model arXiv:1206.0409

7 Yanuary 2015 41 Reti Raadge, CERN




limit on RPV coupling

* Top squarks with mass below 240 (340) GeV are excluded
for all values of
N 333> 0(1077) for
M,=250 (1000) GeV

> First direct limit on A 55,

{CMS 4.8 fb'\'s =7 TeV a
| 77 Expected limit, M, = 250 GeV
" I Observed limit, M, = 250 Ge\.

200 300 400 500 600 700
M. (GeV)
1
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Conclusion

* Search for new phenomena in final states with t leptons and b
jets
—> Search for Higgs boson within minimal SUSY model
No excess 1s observed in di-t mass spectrum

The most stringent limits are set in MSSM parameter space for mh-max
benchmark scenario

—> Search for pair production of leptoquarks or top squarks
Observed distribution of S, agrees with the SM background prediction

Limits are set on third-generation leptoquark pair production as well as
on top squark pair production decaying within RPV scenario for a given
parameter set

First direct bounds are obtained on RPV coupling between top squark, ©
lepton, and b quark

Limits are set top-SU(5) model vector leptoquarks
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Outlook

NS

* No hits of new physics so far

Efforts are still on-going to utilize all available data at 7 and 8 TeV and
improve analyses strategy

WJS2012

T LI | T T T T L |
[ ratios of LHC parton luminosities:
[ 8TeV/7TeVand 14 TeV /7 TeV

Significant improvement
1s expected for high mass

searches with higher
CME run of LHC

| ——99
[ ----2qq
—=—qg

luminosity ratio
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Tau energy scale

NS

* Energy scale was estimated data and MC simulation

CMS Preliminary 2010,\s=7 TeV, 36 pb"

1.05
:.0.6_'|"'I"'I'"I"’l"'l'-
© | e Data 1 1.04f
0.5} ‘- — Simulation 1.03}
i ===+ TauES*1.03 j 1.02F

0.4} Sl ---- TauES*0.97 1.01f

i ] A
0.99¢
0.98}
0.97¢
0.96}

0.3}

0.2f

' R B Ll L - A e’ L
04 06 08 1 12 14
- Inc 1+n° EB 1+n° EE 1+n° 3n
visible T (nx°) mass (GeV/c?)

Conservative 3% uncertainty on tau energy scale
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Object ID — b jets

Multiple methods are used to measure b-tagging efficiency in multijet events

» Using relative py or 3D
impact parameter of muons
in jets to discriminate b-jets
from light or c-jets

Using lifetime tagger method 1 :

on both muon-jet and
inclusive jet sample

Different measurements
are combined based on
weighted mean of the
scale factors for jets with
30 GeV < p; <670 GeV

7 Qanaary 2015

Events /0.2 GeV/c

CMS, 5.0 fb" at s =7 TeV

tag artag
tag __ f b Ndatu

(b) & = tag tag untag untag
‘ b Nduta + fb ) Ndata

CSVM tagged

—+ Data
bjets CMS, 5.0 fb™ at s =7 TeV

@ light flavour + charm

CSVM untagged

—4- Data

Bl b jets

I light flavour + charm

15 2 25 3 35 4 45 5
p' [GeV/c]

Data/sim. b-tag SF

Ny
SN

2x:|02 3%0’ -
*Jet p_ [GeV/c]
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Object ID — b jets

Multiple methods are used to measure b-tagging efficiency in ttbar events

CMS, 2.3 fb"at \s=7 TeV
03500;.... L R R L RN AR RN RARRE RS

lepton+jets and dilepton-+jets decays s . S 1 AT = NPT F x Aze”l
' < 2000} ~ ::;: "
Flavor tag consistency method £ 1500, % 2 i . l
PL ratio :

b-enriched jet sample g =0 ms
» F C CMS, 2.3fb"at \s=7TeV
Flavor tag matching method

CMS, 2.3fb'at /s =7 TeV
LR DL DL L L

—— Linear fit to FtCM
4+ PLR
v Weighted Mean

3
Number of Tagged Jets

— Final function

H\H\  Combined scale factor is derived as a
H weighted mean of scale factors from two
best measurements from two samples
yielding ~4% uncertainty
o by by b b s by

~ 03 04 05 06 07 08 09 Scale factor as function of discriminator
CSV Discriminator Value v 41446 is available for MVA methods

"IIIIIIIlIlIlIlIIll]lllllllllllllllll‘

_|IIII|III]|IIlI|II]I|IIII|IIl||I|II

of
N
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b-tagging @ high pT

(

TrackCountingHighEfficienc: CMS Simulation TrackCountingHighEfficiency CMS Simulation
_‘HTFFHTH%'ﬁ'FHTFFrerW"TFH"TH'HTFHFrFFFF_ A B e B i L R s RE RS AR RE R
._!_"h—’—‘:‘:‘:‘:l_—_;q_l_‘ -1 B n

F SR S ;P ;

SR S s e

b jets — udsg jets

+pu=0 +pu=o0 i
+Pu=12t016 +PU=12t016
L PU=0 . —

PU=121016 - i FF:L’:F:F ¢ jots

gFienaiesaas=s E - L pu=0
+ —— B
= 1 I

2F _}_— ! ~—PU=12t016

_lllllIlllllllllllllllllllllIllllIllllllllllllll— -
103 | " | | | | Lol

50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
P, (GeV/c) P, (GeV/c)

o
o)

o
o))

bc jets efficiency
o
~

o
o

c jets ..:.

non-b jets efficiency

o
BN
—
S
n

o
w

* Performance of b-tagging algorithms are optimized for
medium pT range

At high and low pT both mistag rate goes up and efficiency degrades
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 Selection for tracks assocated to jets 1s :

optimized for high pT jets — described :ggﬁgg Szz

in AN-12-019 |

Both pT(trk) and AR can be used to improve
performance

Without GSP

025 03 035 04 05 i
AR(jet,trk from

Using simple linear parameterization

-

Yo

SA

N’ A LI L L I L L L L L L L B LB BB

Eff of pT cut on tracks 035 5300 Gev

>y
3 N 03] — pF<100 GeV

With GSP

L 50 GeV<pT<80 GeV =4
- 80 GeV <p, <120 GeV ] 005 01 015 02 025 03 035 04 045 05
- 120 GeV < p, < 300 GeV ] AR(jet,trk from B)
- 300 GeV < <p, < <500 GeV
500GV<p <IOOOGV

120 500,71
prGen Improvements seen for physics definition of flavor

7 Yanuary 2015 50 Reti Raadge, CERN




Performance

NS

« TC-taggers

second trk: AR < 0.5

-+« second trk: Variable ptTrk ,AR cuts

Mistag rate = 1%
€TCHE | €TCHP
Default 32% 40%
Modified 41% 44%
Improvement | 28% | 10%
Mistag rate = 0.1%
€TCHE | €TCHP
Default 0.9% 5%
Modified 25% | 14%
Improvement | 178% | 133%

- - -~ third trk: AR <0.5

- -4 -- third trk: Variable pf;k ,AR cuts

01 02 03 04 05 06 07 08 09
Esig

—
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BACKUP for Higgs->tt
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G Implications of 125 GeV boson

\
NL S

* The main parameters in MSSM are o [Maw =17V
h,max | x =2TeV

M, =200GeV
at loop level: Mgqy soft-SUSY-breaking squark mass w="200GeV
of the third generation and X, stop mixing parameter M, =800GeV)

at tree level: M, and tanf

All scenarios with some degree of mixing one can get M, ~125 GeV
My, ax | ‘ _Y. Linke, G.‘ W ’12

Allowed

Allowed

100 150 200 250 300 350 400 450 500 e — = —— ——
My (GeV) m,

LHC limits from SM Higgs search: Constraints on | X, | vs. My,  Modified my, ,,,, scenario
of 123 GeV S Mgy, S 127 GeV S. Heinemeyer, et al. arXiv:1112.3026 Xt ~1300 GeV
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NS

\ER/W Search sensitivity

» Limiuts for different category/channel

CMS Preliminary, H—1t, L=17 fb™

r
x
i /
*
’

~i’

Expected Limit
=== LU
R
=== €T,
mnfe= ]J.‘Eh

800

m, [GeV]

7 Qanaary 2015

CMS Preliminary, H—tt, L=17 fb™

ﬁ
A’
.
E

3
,.‘

xpected Limit
--8-- No B-Tag
--8-- B-Tag

--#-=- Combined

L I L L
600 800

m, [GeV]
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Cross section of gg fusion

* Cross section of pseudo-scalar MSSM Higgs boson A in mh-
max scenario

E!

LHC HIGGS XS WG 2010
LHC HIGGS XS WG 2010

— NNLO (p,R=p,F=MH) E 2 — NNLO (p,R=ptF=MH)
u.R=p.F=2"MH,0.5"MH = . p,R=p,F=2"MH,0.5"’MH
PDF (MSTW) +a, g \ PDF (MSTW) + a

- mhmax scenario - mhmax scenario
“E tanB=5 g tanpg= 30
\!_ =7TeV ] \/_ =7TeV

| llllllllllllllll RN FEEEE FEEEE SRR EEEE R | | I T P Logoabloaaabiasaaliaaslinsns

1006200 300 400 500 600 700 800 9001000 100 200 300 200 500 600 700 800 8001000
M, [GeV] M, [GeV]
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@ 4FS vs SFS

* Comparison of the NLO 4FS and NNLO 5FS for the production of
pseud-scalar Higgs boson in association with b quarks in mh-max scenario

\s=7 TeV
MSTW2008
p=(2m +M,)/4

LHC HIGGS XS WG 2010

b
=
-
-

] b6— A (NNLO)
| gg— bbA (NLO)

T llllllll
1 | IlIIIlI

T lllllll

)
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T T T I T T T

\s=7TeV ]
—— only PDF (68%CL)

vvva b e

LHC HIGGS XS WG 2010
LHC HIGGS XS WG 2010

<ewee- PDF4a, (68%CL)

1191

l_
02 /M, <5 p>maM,

Lo lanaald

1
0.1t /M, <07 M, pemal=1 M,

quadratic sum of - and pF—uncertainties

| MSTW2008

-

|1|||1||11||1|||11__T R NS R S NN N SO S HN SO SN S SO SO N
200 400 600 800 1000 200 400 600 800 1000

M, [GeV] M, [GeV]

MSTW2008 n =M, n =M,

I|IIIIIIIIIIIII1|II

EENEEEENE EEE

I|IIII|IIII|IIII|
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MSSM vs SM cross section

NS

* Production cross section for the SM Higgs boson and the pseudo-scalar
MSSM Higgs boson A

10°
o

L Lo (ot oy

St 10‘

gg— H (SM) :
qq— qgH (SM) Al .mmm‘-.mi

10

100 200 500 200 300 400 500
m,,, [GeV] m,,, [GeV]
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3

arXiv:1201.3084 [hep-ph]

3

Events /5 GeV
<L

?
5]
-
=
&

0 20 40 60 80 100 120 140 160 180 200 220240 150 200 300

Higgs p_[GeV] Higgs p_ [GeV]
J. Alwall, Q. L1, and F. Maltoni, Matched predictions for Higgs production via heavy-quark loops
in the SM and beyond, arXiv:1110.1728 [hep-ph].

Table 41: The e+, acceptances before and after re-weighting to correct for b-loop contribution.

My [GeV] Acceptance Acceptance Correction factor
PYTHIA gg —+ H re-weighted for b-loop
140 0.072 +£0.001 0.070 £ 0.001 097 £0.01
400 0.149 £+ 0.001 0.152 +0.001 102+002

For inclusive selection acceptance changes by 3%
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Theory Uncertainties on o(pp — bb®)

\s=7TeV]
—— only PDF (68%CL)
PDF+a, (68%CL)

|ll||||l|||4—

LHC HIGGS XS WG 2010

L1411

LHC HIGGS XS WG 2010

|/ | T
) H
% N\
.
s
S
.
P

al_
029 /M, <5, ue=ma,

|
III|IIII||"-I.‘II

1
0.1 <pF/MH<O.7 M,.. p?""": 1 M,
quadratic sum of Ho- and pF—uncenainties

| MSTW2008

-

llllllllllllllllll__T co ey ey by ey
200 400 600 800 1000 200 400 600 800 1000

M, [GeV] M, [GeV]

MSTW2008 n =M, n_=IM,

I|IIIIIIIIII1II1III

IIII|IIII|III

I|III||IIII|IIII|




CERN
\

SZ~ arXiv:1201.3084 [hep-ph

S
3

3
3

Events /5 GeV
<

—h

D
S
>
£
&

M,=400 GeV

0 20 40 60 80 100 120 140 160 180 200 220240 05'01601'50260250300

Higgs p_[GeV] Higgs p_[GeV]

J. Alwall, Q. L1, and F. Maltoni, Matched predictions for Higgs production via heavy-quark loops
in the SM and beyond, arXiv:1110.1728 [hep-phl.

Table 41: The e+1, acceptances before and after re-weighting to correct for b-loop contribution.

My [GeV] Acceptance Acceptance Correction factor
PYTHIA gg —+ H re-weighted for b-loop
140 0.072 £0.001 0.070 £ 0.001 097 +£001
400 0.149 £ 0.001 0.152 £ 0001 102 +0.02

For inclusive selection acceptance changes by 3%




Backgrounds — Wjets

Transverse mass from Wjets and Wbb sample

To mT<20 GeV

Extrap. Factor
stat unc.
W + light jet 0.131+0.01

W + b jet 0.15+0.03
W + jet 0.13+0.01

Events/5 GeV/c?

100 120 140
m; (GeVic?)

-

i
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BACKUP for LQ/Stop
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NS

Z+jet S shapes with precision
Measure weight in independent sample
« Z+1 jet events

S distr. 1s obtained by applying weights on
control sample

« At least two jets, no-btagging required

5 16

e e L e s e e e
—— no btag jets
2btag jets

Validate procedure on

anti-isolated control sample _
* No overlap with main sample
 No overlap with sample used to |

compute weights

G-A.l...l..,l."ritll_
0 600 800 1000
S, [GeV]

§ Janaary 2015

W/Z + jets ST Shapes

18.

jet P, [GeV]

T
——— no btag jets
2 btag jets

e ey
200 400 600 800 1000

S, [GeV]
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Systematic uncertainty on ST shape
determination

* Parameterize S shape and compute *10 variation of the fit
taking into account errors on the fitting parameters

Novosibirsk function — Gaussian with exponential tail

* Three parameters: mean, sigma, tail parameter

—0.5(Inay)?/A2+A2
_IIII|IIIlIIII||IIIIII|II|IIII|III|IIII|III

—e— Data

sinh(Av/In 4) : |
1 + A == X B Ziy*(tt + ee) + jets :
(:E CEO)/O' A\/h’l_4 - =°c|; ) :

W + jets

» Validate fitting function on control

sample
Relaxing btagging requirement
Good agreement between data and MC

‘?00 200300400500600700800900100A100
ST (GeV)
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Data-MC fit comparison

NS

* Very good agreement between data and MC fits
Red — data

Blue - MC

For independent sample
the function predicts
the tail well

Difference between data
and MC at the tail 1s small

My = 231412511 GeV ]
Gata = 62.12 £ 3.07 GeV ]

Tgata = 0-59 = 0.05
x2/ndof (data) = 0.50

Mo = 231.13 £ 4.80 GeV—
e = 63.03 £2.88 GeV ]
Tue = 0.60 + 0.04 -
%2/ndof (MC) = 2.56

e data (e-1) s
—— S, shape (data)| |
S; shape (MC) ]
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600 800 1000

ST [GeV]
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Fitting before M(tau,b) cut

* Obtain fitting parameters as a function of tau py

Extrapolated parameters
for tau p>50 GeV

| ! !

1 T ] ]
W =295.17 + 14.98 GeV

o =93.89 + 6.25 GeV
1=0.33+0.10
x%ndof = 2.10

o Z+jets (e-1)
— central fit ]
extrapolation | |

L 4 1 |

7 W 20ils

200

400

500 800" 1000
ST [GeV]

60
30 32 34 36 38 40 42 44 46 30 32 34 36 38 40 42 44 46 30 32 34 36 38 40 42 44 46
pT(t) thr [GeV] pT(r) thr [GeV] pT(t) thr [GeV]

Tau pr > 50 GeV

* Blue function -- the one fitted on the sample

* Red dashed function -- the one obtained by
extrapolating the parameters

Conclusion:

* Difference between shapes (red and blue) is very
small and can be neglected

* Parameters varied within uncertainties yields to
shape systematic uncertainty on W/Z+jets
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\ Fitting after final selection

NS

* Nominal distribution and *10 variation of fit parameters for systematic
uncertainties

Effect of these uncertainties 1s small

L L
u=410.01+14.66 GeV ] u = 328.83 £ 9.45 GeV

6=9544+540GeV = — 6= 62.20 + 4.16 GeV

70

-
=

1=0.06 =0.09 ] 1=-0.00+ 0.08

¥2ndof = 3.19 ] ¥2/ndof = 79.08
o Wijets
— central fit

— centra! fi! . 1o variation
10 variation | TR

o Zi+jets

o
o
—
~
(2
—
c
o
>
L

lllllllllllllllllllllll]llllllll

| '600 800 1000 100200300 4005(50 6007008009001000
ST [GeV] ST [GeV]

Ll

200

400

OO
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RPV interactions

From J. Evans & Y. Kats SM W = JNjk LiLiES + Xjy LiQ;D§ + 3 Xjj, USDS DS

L = left-handed lepton/neutrino E = right-handed lepton
superparnter
SM Q = left-handed quark U, D = right-handed quark

I, ], k = generation indices

LLE
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NS
* First and second b quark pr

P, (1st b-jet) distribution (Mass(LQ/ﬂ) =500 GeV)

o
]

- T b : ; :

T b MlxmgAngIe-O 0
> T. b l\lllxmgAngIe..az/4...
T b MlxmgAngIe-at/3

B

L.

9.
()
e
o
ol
C
()
>
L
?.
()
o]
E
2

o
L I

160 360 300 400 500 600 700 800 900 1000
P2 (GeV)
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o
S L

dMumbeeof Evests / 16,(GeV)
o

AL LA

LQ vs stop kinematics I

P, (2nd b-jet) distribution (Mass(LQ/ﬁ) =500 GeV)

—_+— LQ -1 b . : :
: M.lxmgAngIe-O 0.
—+— t erb M|X|ngAngIe_n/4
- ——*——"' —wb MlxmgAngIe_:rc/3

100 200 300 400 500 600 700 800 900 1000
P2 (GeV)

Ret: Raadze. CERN




Compact Muon Solenoid

LQ vs stop kinematics 11

NS

Lepton pT and ST

p, (e/w) distribution (Mass(LQ/T ) = 500 GeV)

Q . b Sl + T + 2 bJets) distribution (Mass(LQ/i) =500 GeV)

> T b MlxmgAgngIe-§=0.0
> T b MixingAngle=1/4
~»b; MixingAngle=r/3.

o
o
..

; i ~—+— t erb MlxmgAngIe_n/4
Gal] ) (. ............ + t: ‘“>'Cb“ Mtxm;gAngIg::da

o©
o
®

o
o
@

Number of Events / 20 (GeV)

S
©
S
o
2
®.
>
i,
©
2.
S
>
Z
0.

o
A

0-Lassurel? ; ; ; et :
0 200 400 600 800 1000 1200 1400 1600 1800 2000
S; (GeV)

100 200 300 400 500 600 700 800 900 1000
p* (GeV)
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Compact Muon Solenoid

SLLO vs VLQ I

‘,31:?%&
v; *

¢ Y
N %
T pr and eta 2 i
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Compact Muon Solenoid

SLO vs VLQ II
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IP cut efficiency

* Impact parameter cut efficiency as a function of the RPV
coupling A’535 (RPV stop lifetime)
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@ limit on branching fraction
ad

 Limit on § = BR(LQ3—=>1tb)

CMS 4.8 tb',\Ns =7 TeV
Expected limit
| Observed limit
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